Abstract
INTRODUCTION
Helicobacter pylori (H. pylori) is recognized as the principal etiologic agent of chronic gastritis; it is related to the development of peptic ulcer, and is the most important factor in the pathogenesis of gastric adenocarcinoma [1] . The high genetic variability between strains of H. pylori is associated to the population or geographic origin of the individuals of the population [2] . Variations in the genomic DNA of H. pylori allows the identification of individuals infected by multiple strains that colonize different anatomic regions of the gastric mucosa, phenomenon described as multiple colonization [3] . In Colombia, there are regions of high and low risk for the development of gastric cancer (GC), although the prevalence of the infection by H. pylori is similar (> 80%) [4, 5] . In Tumaco (low risk of GC) and Túquerres (high risk of GC), strains of H. pylori were identified with different stages of genetic variability for each region. The genetic variability of H. pylori that colonizes the different anatomical regions from the gastric mucosa has not been studied in Colombia and it makes the eradication of the microorganism difficult. Therefore it is important to study the multiple colonization of H. pylori as a strategy to prevent the precursor lesions of GC. The high genetic diversity between strains of H. pylori has been evaluated by several methods of characterization, including polymorphisms in the length of the restriction fragments (RFLP), Restriction fragment polymorphism amplified by PCR (AFLP-PCR), ribotyping and random amplification of polymorphic DNA (RAPD) [6, 7] . The technique most used to discriminate isolates of H. pylori, in the genotyping studies, is the RAPD with a high level of discrimination (0.99-1.0), able to reveal a marked genetic diversity between isolated strains of different patients and it is discriminatory in the determination of the similarity of the isolated strains from the same patient in the biopsies taken from different anatomical sites from the gastric mucosa [8, 9] . Previous investigations describe diversity of H. pylori strains with differences in their virulence factors such as the gene associated with cagA [10] cytotoxicity and the gene related with the production of vacuolizing toxin vacA [11] . A standard treatment to eradicate the H. pylori doesn't exist, possibly because the gastric mucosa of the same host may be colonized by multiple strains of the microorganism with differences in the virulence factors and differences in the genomic DNA and eventually antimicrobial susceptible and resistant isolates coexist [12] . This phenomena, not studied in Colombia, makes the eradication of H. pylori difficult and doesn't allow the establishment of therapeutic efficacy as a strategy for the prevention of precursor lesions of GC.
It is important to genotype the isolated H. pylori from the different locations of the gastric mucosa (antrum and body) to evaluate genetic diversity and determine the multiple colonization, in the two Colombian populations with contrast in the risk of developing GC.
MATERIALS AND METHODS

Subjects, samples and histopathology
Adult men and women with symptoms of dyspepsia were included (n = 203) from Tumaco and (n = 206) from Túquerres. Four biopsies from the gastric mucosa were obtained from each patient, two from the antrum and two from the gastric body for its histopathologic evaluation. Histological sections cut into microtome at 6 μm, were colored with hematoxylin-eosin and were interpreted according to the Sydney [13] classification system. The presence of H. pylori was determined with Giemsa's staining.
For cultivation and genotyping of H. pylori three biopsies of gastric mucosa were used, two from the antrum and one from the gastric body, that were preserved in thioglycolate and glycerol at (25%). The biopsies were immediately frizzed in liquid nitrogen and subsequently transported on dry ice at -70 ℃ until its analysis in the Microbiology and Histopathological Laboratory of the Pathology Department of the Universidad del Valle-Colombia. This research counts with the approval of the Human Ethics Committee (CIREH) of the Universidad del Valle. All the participants signed the informed consent.
H. pylori isolation and cultivation
Fragments of gastric mucosa were homogenized in 200 μL of sterile saline solution 0.89%. The homogenate was seeded in columbia agar plates (Oxoid, Basingstoke, Hampshire, England) with defibrillated lamb blood to 7% plus selective supplement for H. pylori (Dent) and incubated in microaerophilic conditions (6% O2, 6% CO2, 88% N2 using CampyPak Plus Envelop, BBL, Nashville, TN United States) at 37 ℃ during 4 to 8 d [4] . The compatible colonies with H. pylori were transferred to columbia agar defibrillated lamb blood to 10%, to purify and identify them by the tests of urease, catalase, oxidase, Gram staining. A PCR of the ureA gene was used to confirm the species [14] .
DNA extraction from H. pylori isolates
From a pure cultivation in petri dish colonies were transferred to 1.0 mL of PBS 1 × pH = 7.2, and it was centrifuge at 13000 RPM × 2 min. The cell pellet was re-suspended in 300 μL of extraction buffer [Proteinase K 100 μg/mL, sodium dodecyl sulfate (SDS) 0.5%, ethylenediaminetetraacetic acid (EDTA) 5 mmol/L, TrisHCl 10 mmol/L, pH = 8.0 and 276 μL of distilled water], the cell button was homogenized and taken to the dry block (Labnet ® ) at 56 ℃ for 18 h, subsequently the proteinase K was inactivated at 76 ℃ for 10 min and NaCl 5M was added. It was shaken in vortex for 15 seg, and then it was centrifuge at 13000 RPM for 5 min. To the supernatant only, 2 volumes of absolute ethanol were added. It was centrifuge at 13000 RPM for 20 min at 4 ℃. The decanted was precipitated by addition of 2 volumes of absolute ethanol at 70%, it was mixed and centrifuge for 5 min at 13000 RPM and the supernatant was discharged. The DNA pellet dried by tube inversion for 10 min. The precipitate DNA was re-suspended in 100 μL of TE buffer (Tris 10 mmol, EDTA 1 mmol) and it was stored at -20 ℃. The yield and purity of the DNA were determined by optical density at 260/280 nm in Gene Quant II ® spectrophotometer (Pharmacia Biotech, Piscataway, NJ, United States) according to the manufacturer's instructions [15] . 
ureA gene amplification
Detection of cagA and vacA genes
The virulence factors were analyzed by PCR amplification of cagA gene. An amplicon of 183 bp was obtained with specific primers (CagAF and CagAR). The negative isolates for the amplification of cagA gene were confirmed by PCR assay empty-site with primers [ES-F (+) -ES-R (-)]. The vacA gene alleles (s1/s2, m1/m2) were analyzed with the specific primers (VA1F and VA1R) to obtain the sizes of the amplicons; 176 bp and 203 bp for vacA s1 and s2, respectively. PCR was performed for vacA gene alleles m1/m2 with primers (HPMGF-HPMGR) to obtain the sizes of 401 bp amplicons for vacA m1 and 476 bp for vacA m2. PCR was performed under the following conditions: 2 min of pre-incubation at 95 ℃, followed by 40 cycles of 1 min at 95 ℃, 1 min at 52 ℃, a min at 72 ℃, and subsequently, a final extension of 72 ℃ for 5 min. In each experiment, H. pylori reference strain Tx30a (ATCC 51932) was included as a negative control. A positive control, H. pylori reference strain 700392 (ATCC 26695), along with inhibition controls for each sample, were used to rule out false negative results [16] .
RAPD-PCR
PCR amplification was performed in separate reactions with the primers, 1281 (5'-AACGCGCAAC-3') and 1254 (5'-CCGCAGCCAA-3') [17] , under the following amplification conditions: two cycles of denaturation at 94 ℃ for 5 min; amplification at 36 ℃ for 1. previously. From the 41 positive patients for isolation of H. pylori of Tumaco in the three anatomical regions of the gastric mucosa, (70.8%) were women, with ages between 19 and 68 years old; (90.24%) had non atrophic gastritis and (9.75%) atrophic gastritis. From the 31 positive patients for isolation of H. pylori in the three anatomical regions of the gastric mucosa of the population of Túquerres, (54.8%) were women, with ages between 19 and 68 years old; (93.5%) had non atrophic gastritis and (6.5%) had atrophic gastritis.
cagA gene amplification
In the population of Tumaco it was found that the prevalence of the virulence marker cagA (+) of H. pylori, in the lesser curvature of the gastric antrum was (85.4%); (100%) in the greater gastric antrum curvature and (100%) in the greater curvature of body, prevalence significantly higher than the marker cagA (-) (P = 0.002) ( Table 1 ). In the population of Túquerres the prevalence of the virulence gene cagA (+) of H. pylori on the lesser curvature of the gastric antrum was 96.4%; 100% in the greater curvature of the antrum and 100% in the greater curvature of body, prevalence significantly higher than the marker cagA (-) (P = 0.036) ( Table 1) .
vacA gene amplification
In the population of Tumaco the prevalence of the allele vacA m1 of H. pylori, in the lesser curvature of the gastric antrum was 73.2%; 78.1% in the greater curvature of the antrum and 70.7% in the greater curvature of body, prevalence higher than the marker vacA m2, without being significant (P = 0.36) ( Table  1 ). The allele s1 from the gene vacA of H. pylori was more frequent than the allele s2. 80.5% in the lesser curvature of the gastric antrum, 78.5% in the greater curvature of the antrum and 80.5% in the greater curvature of body, without the differences being significant (P = 0.73) ( Table 1) .
In the population of Túquerres the prevalence of the allele m1 of H. pylori, in the lesser curvature of the gastric antrum was 71%; 61.3% in the greater curvature of the antrum and 58.1% in the greater curvature of body, prevalence higher than the marker vacA m2, without being significant (P = 0.257). The allele s1 from the gene vacA was more frequent than the allele s2, 74.2% in the lesser curvature of the gastric antrum, 80.7% in the greater curvature of the antrum and 64.5% in the greater curvature of body, without being significant (P = 0.44) ( Table 1) .
Colonization of the gastric mucosa by multiple H. pylori isolates according to virulence genotypes
The study included DNA of H. pylori from 72 patients, 41 from Tumaco and 31 from Túquerres. Through bivariate analysis it was found that the infection with multiple strains wasn't significant with respect to the age (P = 0.063), being more frequent in patients from
Electrophoresis of amplicons
All the amplicons obtained in each of the previously described PCR reactions were run on agarose gel (SeaKim, FMC Bioloabs) at 2%, stained with ethidium bromide (Invitrogen, Carlsbad, CA, United States) at 0.5 μg/mL, in an electrophoresis chamber (Fotodyne Inc., Hartland, WI, United States). This process was performed by an EC-105 Compact Power Supply (Thermo Fisher Scientific Inc., Asheville, NC, United States) at 75 V for 40 min.
Statistical analysis
The images obtained through the amplification by RAPD-PCR were analyzed by Gel-Pro Analyzer 4.5 for Windows (Media Cybernetics Inc.). A Binary data matrix was constructed based on the presence (1) and absence (0) of bands observed on electrophoresis gel. Relations between isolates were established by cluster analysis and multiple correspondence analysis (MCA), whereby similarities between individuals were evaluated in terms of their molecular profiles, in which the distance between each pair of individuals is proportional to its molecular differences. The estimation of distances between each pair or group of isolates of H. pylori was calculated with the similarity of Neid, 1973. H. pylori isolates were classified as virulent when cagA (+) gene amplification was detected. Low virulence was established when there was an absence of cag marker by the amplification of empty site cagA. To identify multiple colonization in relation to virulence of H. pylori isolates, patients were sub-grouped according to the following characteristics: gender, age, type of gastritis and cancer risk. Univariate and bivariate analyses were performed using the χ 2 test. Subsequently, the risk of presenting multiple colonization was then evaluated according to the characteristics of the populations through Odds Ratio with a 95%CI. Statistical analysis was performed using the SAS statistical package, version 9.0. The statistical significance was accepted with a P value ≤ 0.05.
RESULTS
General results
The prevalence of the infection by H. pylori diagnosed by histopathology was higher in the population of low risk of GC (Tumaco, 88.7%) than in the population of high risk of GC (Túquerres, 86.4%). However, the bacteria was isolated from three anatomical places of the stomach (antrum greater curvature, antrum lesser curvature and body greater curvature) in 41 (19.7%) of the infected patients in Tumaco. Through histological tests it was possible to determine that from 206 patients in the population of Túquerres, 178 (86.4%) were positive for H. pylori; of which 165 (80.1%) were positive for isolation of H. pylori and 31 (15.04%) with positive isolation in the three anatomical places of the gastric mucosa described 18 to 35 years and 36 to 47 years (36.8%), than in patients between 48 and 68 years. It was observed that the infection with strains of multiple genotype was higher in women than in men (52.6% and 47.4%) respectively, without being this difference statistically significant (P = 0.067). Significant differences were observed of multiple colonization according the risk population of GC, being higher in the population of Túquerres (55.3%) than in the Tumaco (44.7%) (P = 0.027). It was found that the infection with multiple strains wasn't significant with respect to the type of gastric lesion (P = 0.203) ( Table 2) .
The multivariate analysis allowed to determine there aren't significant differences in the risk of presenting colonization with multiple strains according the population characteristics, OR 0.13. It was observed that the risk of colonization by multiple strains of H. pylori is (2477) higher in men than in women and (1.4) times higher in patients in the age range between 36 and 47 years, than in patients between the two intervals studied. Depending the place of origin the risk of multiple colonization also increases, being (2721) times higher in the population of Túquerres (high risk) than in Tumaco (P = 0.056), while the risk of multiple colonization decreases with respect to the type of gastritis, being lower in atrophic gastritis (Table 3) .
Analysis of RAPD profiles
In the 123 isolates from Tumaco and 93 isolates from Túquerres the amplification by PCR-RAPD gave as result well defined DNA bands with each of the primers, 1281, 1254. Isolates with slight variation were found in the banding patterns, which varied between 100 pb and 1000 pb (Figure 1) .
The analysis of the dendogram executed with the UPGMA classification method and the coefficient of similarity of Neid, showed that there is no relation between the groups formed and the characteristics of the population as gender, age and type of gastritis at a level of similarity of 0.07. In the population of Tumaco the dendogram was formed with ten groups (Figure 2 ). Group one was formed by 35 isolates, from these 33 were from patients with chronic non atrophic gastritis and two patients with chronic atrophic gastritis. Group two was structured with 47 isolates among which, four were from patients with chronic atrophic gastritis and 43 from patients with chronic non atrophic gastritis; group four was formed by 16 isolates, among which one was from a patient with chronic atrophic gastritis and the rest were from patients with non-atrophic gastritis, group five was formed by seven isolates of patients with non-atrophic gastritis; group six was formed by three isolates of patients with atrophic gastritis, group seven was also formed with three isolates from which two were from patients with non-atrophic gastritis and one from a patient with atrophic gastritis, the groups 8, 9, 10 were formed by one isolate of a patient with nonatrophic gastritis (Figure 2 ). Through multiple correspondence multivariate analysis (MCA), the three dimensional representation of the group of the isolates of the population of Tumaco, showed that there is no relation between the groups and the characteristics of the population, but a low variation is shown between the isolates of Tumaco by the formation of a relatively homogeneous group.
In the population of Túquerres the dendogram was formed by seven groups. In these there was no relation between the segregation of the isolates in the groups and the characteristics of the population at a similarity level of 0.13.
Group one was formed by 30 isolates, from which 27 were from patients with chronic non-atrophic gastritis and three with chronic atrophic gastritis. Group two joined 16 isolates, among which was found one with chronic atrophic gastritis and 15 with chronic non atrophic gastritis; group three was formed by 13 isolates of patients with chronic non atrophic gastritis and two of patients with chronic atrophic gastritis; group four, with three isolates of patients with chronic non atrophic gastritis; in group five with five isolates, from which one was from a patient with chronic atrophic gastritis; groups six and seven were formed by three and two isolates of patients with chronic nonatrophic gastritis respectively (Figure 2) . Through the MCA, it is confirmed that there is no relation between the groups and the characteristics of the population, but a higher variation is showed between the isolates of Túquerres by the formation of a less homogeneous group (Figure 2) .
DISCUSSION
The prevalence of the infection of H. pylori was high and similar in both populations: (88.7%) in Tumaco and (86.4%) in Túquerres [5] . However, there are strong differences in the incidence rates of gastric cancer among these populations, separated by only 200 km, being up to 25 times higher in the population of Túquerres in the Colombian Andes with predominant ancestry Amerindian and European, than in the population of Tumaco, with African ancestors and coming from the pacific coast in Colombia [18] . It was found that the multiple colonization evaluated with respect to genes of virulence of H. pylori, was 52.8% of all the analyzed cases (Table 2) , and significantly higher in the population of Túquerres (55.3%), than in Tumaco (44.7%) (P = 0.027) ( Table 2) . Similar findings, of multiple colonization are described in different geographical regions of the world, including: Korea (60%), México (65%), Chile (32%), Portugal (30%) and Brazil (15%) [18, 19] . The genetic similarity was higher between the isolates of H. pylori from the patients of Tumaco than those from Túquerres. Additional to this finding, the MCA showed in the population of Túquerres higher diversity with the formation of a less homogeneous group (Figure 2) . People living on the Nariño Pacific Coast (Tumaco), have African ancestors and are infected with H. pylori strains, from African origin that, presumably they acquired when their ancestors brought to the new world during the slave trade and that they have coevolved with his host towards commensalism and in the time adapted, and in consequence are less virulent [18] . In contrast, in Túquerres (Colombian Andes), the phylogenetic origin of H. pylori that colonize the people of the region is predominantly European, and possibly by selective Amerindian strains tend to disappear gradually over time [5] . The disruption of host-bacteria coevolution may favor multiple colonization and determine less favorable biological relations for the host [5] . The H. pylori strains are genetically heterogeneous, with deep variations between patients and in the same patient [20] . An individual may be colonized with one strain or with genetically predominant strains with a same genomic DNA, or by different strains that show high genomic diversity, evident facts in the DNA sequences found in different anatomical places of patients [21] . This genomic diversity reflects a process of persistent accumulation of mutations in the strains as a result of horizontal transfer and DNA incorporation by genetic transformation or spontaneous mutations. The persistent accumulation of mutations, principally in the virulence genes, provides a set of variants to H. pylori that can be selected to colonize particular gastric niches [11] . When all the individuals in a microbial population are identical, the concept of establishment in the host is relatively simple. However, the genetic variability of the microorganism that colonizes different regions in the gastric mucosa of a same host carries a more complex relationship [22] .
The host responses to genomic variations of the bacteria leads immune local mechanisms for the anatomical place of the gastric mucosa where the microorganism colonizes. These variations in the local response towards the microorganisms represents an environmental pressure for the strains of H. pylori, living in the gastric mucosa where the microorganism colonizes. These variations in the local response towards the microorganisms represent an environmental The continuous rate of mutation assures that the dynamic equilibrium of the strains of H. pylori is maintained present in the population [23] . A more complex condition occurs when two or more strains of H. pylori colonizes one same gastric mucosa, since there is a space to promote genetic recombination which gives rise to new more resistant genotypes to the environmental conditions and they compete with their precursor strains. Each bacterial cell may create independent signals in the host and trigger immune specific answers. However, a strong localized response of the host may affect all the bacterial cells from the environment. The selective pressure results as negative influence in the development of most of the autochthonous bacterial cells, but the new recombinants survive because they may selectively adapt to hostile environments, they can form population structures more organized and optimize the use of resources from the host [24] . The results from the genotype comparison by RAPD-PCR between isolates collected from different patients and the same patient in different anatomical places of the gastric mucosa, is a secure method for the study of the genomic variability of H. pylori.
In this investigation the stage of genomic diversity between the clinical isolates obtained with the primers 1281 and 1254, based in a clear distinction of the patterns with multiple differences in the bands, reveal that 4 of 41 patients shelter one unique strain of H. pylori, while 37 showed heterogeneous traces of DNA that suggests infection by multiple strains in different anatomical places of the gastric mucosa in the same patient in the population of Tumaco (Figure 2 ). In the population of Túquerres 30 patients shelter different strains between the regions of the gastric mucosa of the same patient (Figure 2 ). Cellini et al [25] , reported similar results in a population with different strains of H. pylori that showed genotypic variation, in the same patient. The genetic diversity of the H. pylori may also be due to multiple genotypes worldwide. A great number of variants H. pylori coexist as product of natural transformation and re genetic arrangements or alterations during the adaptation process and colonization in the host [26] . Nevertheless, the evidence of the high variety of strains of H. pylori may be the result of a continuous evolution, which occurs when the stomach of a person gets infected, since nucleotide mutation may occur, excisions in the isle cag PAI, transposition and insertion of elements cag PAI, recombination with DNA of surrounding strains that aren't involved in the disease and horizontal transmission of new genes [26] . It is proposed that the high diversity is due to the limited direct competition between most of the strains, even if they are residents in different people in the same community. The diversity emphasizes by the geographical breakup of many towns of the world and in consequence the phyllogeographic origin of H. pylori plays a preponderant role in the high diversity and in the pathogenicity of the bacteria [27, 28] . The divergence between strains of H. pylori increases even more, by differences between the characteristics of the people and the individual features of the strains [28] . Some features include types of Lewis antigens for the adhesion of H. pylori, the specificity and intensity of the inflammatory response and the complex regulation of gastric acid secretion.
In conclusion, the population of Túquerres located in the Colombian Andes (high risk of gastric cancer), are more likely to have a multiple colonization of H. pylori, with greater genetic diversity than the infectious strains from the patients of Tumaco (low risk of GC), which should be taken into account when formulating eradication programs of the microorganisms as a strategy for the primary prevention of gastric cancer in these populations of Colombia. 
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Background
Infection by virulent strains of Helicobacter pylori (H. pylori) is one of the most important risk factors for the development of precursor lesions of gastric cancer. Ideal treatment is not yet possible because the gastric mucosa of a host can be colonized by multiple strains of H. pylori (virulent and avirulent). The strains of H. pylori can coexist with susceptible bacterial isolates and resist antibiotics. This phenomenon makes eradication of the H. pylori difficult as a strategy in treatment regimens and prevention of gastric cancer precursor lesions.
Research frontiers
The eradication of H. pylori from the gastric mucosa is the cornerstone in the treatment of diseases such as chronic gastritis, peptic ulcer, metaplasia and dysplasia; it is necessary to have genotyping isolates of H. pylori obtained from different gastric locations (antrum and body) to evaluate multiple strain colonization of H. pylori by analysis of genetic diversity in patients with gastritis.
Innovations and breakthroughs
In this research, the degree of variability of genomic DNA from clinical isolates, obtained with primers 1281 and 1254, based on a clear distinction of patterns with multiple differences in bands, shows that 4 out of 41 patients harbor a single strain of H. pylori, while 37 showed heterogeneous DNA traces that indicate infection by multiple strains in different anatomical sites in the same patient in the population of Tumaco. In the population of Túquerres, 30 patients harbor different strains within their gastric mucosa. While the difference in risk is associated with the virulence of the infecting strain, it is considered that the multiple colonization of gastric mucosa and its interrelation with environmental agents is a condition that could boost the development of precancerous lesions and eventually lead to the development of gastric carcinoma. The eradication of H. pylori is a valid strategy for the prevention of gastric carcinoma. However, treatment failure is inherent to multiple colonization by multiple strains of H. pylori (virulent and avirulent) and the coexistence of susceptible bacteria with
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